A multi-component herbal preparation, STW 5, shows anti-apoptotic effects in radiation induced intestinal mucositis in rats  by Khayyal, Mohamed T. et al.
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Purpose:  Intestinal  mucositis  is a  common  adverse  effect  in patients  undergoing  radiotherapy  and  consti-
tutes  a treatment-limiting  condition.  Since  no  agents  are  yet  known  that  can  adequately  guard  against  its
development,  the  search  continues  to ﬁnd  safe and  effective  measures.  The  present  study  was  intended
to investigate  whether  the  herbal  preparation,  STW  5, could  offer  a potentially  effective  agent  in this
respect.
Methods:  Intestinal  mucositis  was  induced  in rats  by exposing  them  to  whole  body  gamma-irradiation
(6 Gy).  Rats  were  treated  orally  with  STW  5  (5 or 10  ml/kg)  for  ﬁve  days  before  and  two  days  after  irradi-
ation.  One  day  later,  rats  were  sacriﬁced  and  segments  of  small  intestine  were  examined  histologically.
Intestinal  homogenates  and serum  samples  were  used  to assess  relevant  parameters  for  apoptosis  and
different  markers  for inﬂammation  and  oxidative  stress.
Results:  Exposure  to radiation  produced  dose-dependent  extents  of  intestinal  injury  associated  with  apop-
totic changes  with  high  radiation  levels.  Apoptosis  was  associated  with an increase  in  cytosolic  calcium,
depletion  of  mitochondrial  cytochrome  c, B-cell  lymphoma-2  and  complex  I. Oxidative  stress  parame-
ters  (reduced  glutathione,  thiobarbituric  acid  reactive  substance  and  total  nitrate/nitrite)  were  deranged.
Inﬂammation  markers  (tumor  necrosis  factor and myeloperoxidase)  and  indices  of  intestinal  damage
(serum  diamine  oxidase)  were  increased.  STW  5  protected  to a large  extent  against  histological  changes
and  counteracted  the  deranged  parameters.
Conclusion:  The  ﬁndings  provide  experimental  evidence  for the  potential  beneﬁcial  use  of  STW5  in pro-
tecting  against  the  development  of radiation-induced  intestinal  mucositis  and  associated  changes  in
tissue  biomarkers.
thor©  2014  The  Au
ntroduction
Radiation enteritis is a serious health problem induced by
he cytotoxic effect of radiotherapy on the intestinal mucosa
Yeoh et al., 1993). The pathogenesis of the condition involves
he production of pro-inﬂammatory cytokines and reactive oxy-
en metabolites (MacNaughton, 2000; Linard et al., 2003) and
ncreased apoptosis in the intestinal epithelium, leading to loss
f intestinal structure and function (Wong et al., 2006). To date,
Abbreviations: ANOVA, analysis of variance; Bcl-2, B-cell lymphoma-2; DAO,
iamine oxidase; ELISA, enzyme-linked immunosorbent assay; GSH, reduced
lutathione; Gy, gray; HE, hematoxylin–eosin; MPO, myeloperoxidase; NCRRT,
ational Centre for Radiation Research and Technology; NOx , total nitrite/nitrate;
ER, rough endoplasmic reticulum; s.e.m, standard error of the mean; TBARS, thio-
arbituric acid reactive substance; TNF-, tumor necrosis factor.
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944-7113/© 2014 The Authors. Published by Elsevier GmbH. This is an open acces
y-nc-nd/3.0/).s.  Published  by  Elsevier  GmbH.  This  is  an  open  access  article  under  the  CC
BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/3.0/).
there is no therapeutically active agent to effectively guard against
radiation-induced mucositis and the search continues to ﬁnd use-
ful preparations for this purpose. In traditional oriental medicine,
many herbal preparations have been reported to afford protec-
tion against the deleterious effects of irradiation (Jagetia, 2007).
The present study explores the potential radio-protective and
anti-apoptotic effects of STW 5 (Iberogast®, Steigerwald Arzneimit-
telwerk GmbH, Darmstadt, Germany) an herbal multi-component
preparation, containing standardized extracts of bitter candytuft
(Iberis amara), lemon balm (Melissa ofﬁcinalis), chamomile (Matri-
caria recutita), caraway fruit (Carum carvi), peppermint leaf
(Mentha piperita), angelica root (Angelica archangelica), milk this-
tle (Silybum marianum), celandine herb (Chelidonium majus), and
liquorice root (Glycyrrhiza glabra) (Wegener and Wagner 2006).
STW 5 has been effectively used clinically to treat gastrointesti-
nal disorders such as functional dyspepsia and irritable bowel
syndrome (Madisch et al., 2004). Its mechanism of action seems
to be multi-targeted, including anti-inﬂammatory and mucosal
s article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
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rotective effects (Khayyal et al., 2006; Abdel-Aziz et al., 2010).
any of the therapeutic indications of the preparation have no clear
ingle underlying pathogenesis. Pharmacological studies support
he fact that the different herbal components act synergistically to
chieve the desired therapeutic goal (Okpanyi et al., 1993; Khayyal
t al., 2001). In view of these considerations, the main objective of
he present study was to assess the role of STW 5 in preserving the
ormal architecture of the small intestine after radiation exposure
nd to evaluate its possible anti-apoptotic effects in radiation-
nduced mucositis.
aterials and methods
nimals
Male Wistar rats, each weighing 120–150 g, were obtained from
he animal breeding unit of the National Research Centre (Dokki,
iza, Egypt). Rats were left to acclimatize in the animal facil-
ty of the National Centre for Radiation Research and Technology
NCRRT)-Atomic Energy Authority (Nasr City, Cairo, Egypt) for at
east one week prior to experimentation. Rats were provided with
he standard pellet diet, given water ad libitum, kept at a tempera-
ure of 22 ± 3 ◦C, 60–70% relative humidity and 12 dark/light cycle
hroughout the experimental period. The study was conducted
n accordance with the guidelines set by the European Economic
ommunity (EEC) regulations (Revised Directive 86/609/EEC) and
pproved by the Ethical Committee for Animal Experimentation at
he Faculty of Pharmacy, Cairo University.
rradiation of animals
Whole body irradiation of rats was carried out at the NCRRT
sing a Gammacell-40 biological irradiator furnished with a
esium−137 source (Atomic Energy of Canada Limited, Mississauga,
ntario, Canada). At each irradiation setting, non-anaesthetized
ats were placed in the plastic sample tray of the Gammacell-40
nd left for the period of time calculated to reach the required radi-
tion dose level. The radiation dose levels of 4, 6 or 8 Gray (Gy) were
pplied as an acute exposure and delivered at a rate of 0.46 Gy/min.
rugs and chemicals
STW 5 was kindly provided by Steigerwald Arzneimittelw-
rk GmbH (Darmstadt, Germany) in the form of ethanol-free
yophilisates. The lyophilized extract was reconstituted with water
efore use (58 mg/ml) to give the same ﬁnal concentration as in the
lcoholic trade preparation.
Chemicals and reagents were purchased from Sigma–Aldrich (St
ouis, MO,  USA). The kit for the determination of B-cell lymphoma-2
Bcl-2) was obtained from IBL-international (Hamburg, Germany),
hat for cytochrome c from Cusabio Biotech (Wuhan, Hubei, China),
iamine oxidase (DAO) from USCN Life Science Inc. (Houston, USA),
nd that for tumor necrosis factor-alpha (TNF-)  from ID Labs
iotechnology (London, Ontario, Canada).
xperimental design
The rats were blindly allocated to several groups and subgroups,
ach consisting of eight rats, assigned as follows:
a) Normal control group, consisting of normal rats not exposed to
radiation.
b) Positive control group, consisting of rats exposed to acute irradi-
ation. This group was further subdivided into three sub-groups,
exposed to radiation dose levels of 4, 6 or 8 Gy respectivelyine 21 (2014) 1390–1399 1391
in order to determine the radiation level inducing histological
evidence of apoptosis.
(c) STW 5 treated groups, consisting of rats treated orally with STW
5 in doses of 5 or 10 ml/kg for one week. On the ﬁfth day of treat-
ment, the rats were exposed to a radiation dose level capable
of inducing evidence of apoptosis (outcome of b above, namely
8 Gy).
Rats were sacriﬁced 72 h after exposure to radiation. Blood sam-
ples were collected for serum separation and segments of small
intestine were excised from the proximal part of the jejunum
for histological examination. Parts of the remaining intestinal tis-
sue were ﬂushed of their contents, washed with ice-cold isotonic
saline and used to prepare 10% homogenates in different media
depending on the parameters to be measured using a Glas-Col®
homogenizer (Terre Haute, IN, USA).
Assay of apoptotic markers
Cytosolic calcium concentration was measured in jejunal tissue
homogenized in cold normal saline. The homogenate was then cen-
trifuged at 105,000 × g for 15 min  at 4 ◦C using a Thermo Sorvall WX
80 ultracentrifuge and the supernatant was used for the determina-
tion of cytosolic calcium concentration using a Unicam 939 atomic
absorption spectrophotometer (Cambridge, UK).
Mitochondrial cytochrome c, Bcl-2 concentrations and com-
plex I activity were measured in tissue homogenized in a buffer
[10 mM Tris hydrochloride, 1 mM ethylene glycol tetraacetic acid
and 0.32 M sucrose (pH 7.8)]. The homogenate was ﬁrst centrifuged
at 700 × g for 10 min  at 4 ◦C then the supernatant was  centrifuged
for further 20 min  at 11,000 × g to obtain mitochondrial pellets that
were washed once with the collecting buffer to remove micro-
somal and cellular contamination. Finally, the mitochondria were
re-suspended in 9 volumes of collecting buffer to prepare a 10%
mitochondrial fraction (Turpeenoja et al., 1988). The mitochondrial
concentration of cytochrome c and Bcl-2 was determined using an
enzyme-linked immunosorbent assay (ELISA) kit speciﬁc for rats.
The optical density was  measured at 450 nm.
Mitochondrial complex I activity was determined according to
the method of Whitﬁeld et al. (1981) based on the reaction cat-
alyzed by mitochondrial complex-I by following the decrease in
absorbance due to the oxidation of NADH coupled with the reduc-
tion of ubiquinone-1 (Coenzyme-Q1) to ubiquinol-1 at 340 nm
using a Unicam 8625 UV/V spectrophotometer (Cambridge, UK).
Oxidative stress markers
Reduced glutathione (GSH) concentration was measured
according to Beutler et al. (1963) based on homogenizing the tis-
sue in ice-cold meta-phosphoric acid to precipitate the proteins
then assaying the yellow derivative obtained by the reaction of
the supernatant with Ellman’s reagent spectrophotometrically at
412 nm.
Lipid peroxides were determined in tissue homogenates pre-
pared in ice-cold 1.15% potassium chloride as described by Mihara
and Uchiyama (1978). The method depends on the colorimetric
determination of a pink colored product, resulting from the reaction
of thiobarbituric acid reactive substance (TBARS) with thiobarbi-
turic acid in acidic medium.
Total nitrate/nitrite (NOx) determination was  carried out on
intestinal homogenates in normal saline according to Miranda et al.
(2001). The assay depends on the addition of Griess reagent which
converts nitrite into an azo compound with a bright reddish-purple
color that can be measured colorimetrically at 540 nm.
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Fig. 1. (a) Photomicrographs of jejunum using HE stain (magniﬁcation, ×100 upper row and ×400 lower row). (A) Non-irradiated rats, showing characteristic structural
layers: mucosa, submucosa, muscolosa and serosa (A1) and normal architecture of villi (A2). (B) Rats exposed to 4 Gy, showing fusion of villi, focal denudation of apical
mucosa  (B1) and congested blood vessels and inﬂammatory cell inﬁltration in lamina propria associated with slight edema (B2). (C) Rats exposed to 6 Gy, showing fusion of
intestinal villi (C1) and inﬂammatory cell inﬁltration and edema in lamina propria (C2). (D) Rats exposed to 8 Gy, showing shortening and fusion of intestinal villi as well as
activation of mucous gland (D1) and apoptotic bodies (arrow) (D2). (b) Overall damage severity score of intestinal mucositis induced by various radiation dose levels. Results
are  represented as the sum of median score of 9 criteria (see text). * Denotes statistical signiﬁcance at p ≤ 0.05 vs normal rats.
M.T. Khayyal et al. / Phytomedicine 21 (2014) 1390–1399 1393
Fig. 2. (a) Photomicrographs of jejunum using HE stain (magniﬁcation, ×100 upper row and ×400 lower row). (A) Pre-treatment with STW 5 (5 ml/kg) shows epithelial
denudation with few inﬂammatory cell inﬁltrations in lamina propria (A1) in addition to activation of glandular epithelium (A2). (B) Rats pre-treated with STW 5 (10 ml/kg)
show  no histological changes (B1 and B2). (b) Effect of pre-treatment with STW 5 on the overall damage severity score of intestinal mucositis induced by 8 Gy. Results are
represented as the sum of median score of 9 criteria (see text). * and # denote statistical signiﬁcance at p ≤ 0.05 vs normal and irradiated control rats respectively.
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nﬂammation and intestinal injury markers
TNF- concentration was measured in tissue homogenized in
hosphate buffer (pH 7.4) using a TNF- ELISA kit speciﬁc for rats
ccording to manufacturer’s instructions.Myeloperoxidase (MPO) activity was determined in tissue
omogenates prepared in 50 mM potassium phosphate buffer (pH
.0) containing 0.5% hexadecyltrimethylammonium bromide. The
ssay method was that described by Bradley et al. (1982).
ig. 3. Electron micrographs of rat jejunum at different magniﬁcations [×1000 (A1, B1, C
ats  showing normal nuclei (N), mitochondria (M), lysosomes (L), rough endoplasmic r
iameter. (B) Rats irradiated by 8 Gy showing lysis of cytoplasm matrix, degenerated nu
eticulum and active lysosomes. Microvilli are disorganized and relatively short. (C) Ra
uclei, mitochondria, lysosomes, rough endoplasmic reticulum and regular arrangement
itochondria, lysosomes, rough endoplasmic reticulum and regular arrangement of micrine 21 (2014) 1390–1399
Diamine oxidase (DAO) level was measured in serum samples
using a rat speciﬁc ELISA kit following manufacturer’s instructions.
Histological examinationLight microscopy
A section from the proximal jejunum was  ﬁxed in 10% forma-
lin, embedded in parafﬁn wax, sectioned serially into 4 m thick
sections, and stained with hematoxylin–eosin (HE). The specimens
1, D1), ×2600 (A2, B2, C2, D2), ×6600 (A3, B3, C3, D3)]. (A) Normal non-irradiated
eticulum (RER) and regular arrangement of microvilli (MV) with almost uniform
clei, swollen mitochondria with rupture of its cristae, dilated rough endoplasmic
ts pre-treated with STW 5 (5 ml/kg) before irradiation with 8 Gy showing normal
 of microvilli. (D) Rats pre-treated with STW 5 (10 ml/kg) showing healthy nuclei,
ovilli with almost uniform diameter.
medicine 21 (2014) 1390–1399 1395
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Fig. 4. Effect of pre-treatment with STW 5 on intestinal cytosolic calcium contentM.T. Khayyal et al. / Phyto
ere examined by a Pathologist blinded to the treatment protocols
nder a Leica Aristoplan microscope (Leica, Bensheim, Germany)
nd images were captured with a charge-coupled device camera
Visitron Systems, Puchheim, Germany) at ×100 and ×400 magni-
cations. A semi-quantitative histological assessment of intestinal
amage was carried out to obtain an overall damage severity score
Howarth et al., 1996). Brieﬂy, a total median score of 9 crite-
ia was computed for each intestinal section. Each criterion was
raded from 0 (normal) to 3 (severe damage), so that the maximal
amage score that could be reached was 27. These criteria com-
rised villus fusion and stunting (atrophy), reduction in goblet cell
umber, epithelial denudation and erosion, activation of glandu-
ar epithelium, activation of nuclei of enterocytes, inﬂammatory
ell inﬁltration, edema and hemorrhage in lamina propria, and the
umber of apoptotic bodies. Overall damage severity scoring was
xpressed as a median score.
ransmission electron microscopy
A small section from the jejunum was cut into small pieces and
mmersed in Karnowsky solution (4% paraformaldehyde + 1% glu-
araldehyde in 0.1 M sodium cacodylate buffer (pH 7.4)) for 2 h. The
pecimens were ﬁxed in buffered 1% osmium tetroxide (pH 7.4) and
ehydrated in a graded ethanol series. Each specimen was embed-
ed in a mold ﬁlled with epoxy resin and kept in an oven at 60 ◦C
or three days. After complete polymerization, samples were ready
or ultra-microtomy. Semi-thin sections (1 m)  were cut using
n ultra-microtome (Leica Microsystems, Wetzlar, Germany) and
nitially stained with toluidine blue for light microscope examina-
ion. Selected ultra-thin sections were double-stained with uranyl
cetate/lead citrate and examined under a transmission electron
icroscope (JEOL Ltd., Tokyo, Japan) (Reynold, 1963).
tatistical analysis
For the semi-quantitative histological scoring of intestinal dam-
ge, data was analyzed statistically using the Kruskal–Wallis
nalysis of variance (ANOVA) with a Dunn’s post hoc test. All other
ata were expressed as mean ± standard error of the mean (s.e.m)
nd comparisons between different groups were carried out by
ne-way ANOVA followed by Tukey–Kramer multiple comparison
est. Probability values less than or equal to 0.05 were considered
tatistically signiﬁcant.
esults
ight microscopic ﬁndings
Light microscopic examination of the intestinal mucosa of
ontrol rats showed a normal architecture of villi, crypts and
nterocytes. After acute exposure to radiation dose levels of 4, 6,
r 8 Gy the sections showed graded extents of injury, evidenced by
ctivation of mucus secreting intestinal glands and dense inﬂam-
atory inﬁltration in the lamina propria, and shortening and fusion
f villi. Apoptotic bodies, however, were only seen at the highest
xposure level of 8 Gy (Fig. 1a). The extent of histological changes
as assessed as the total score of the different criteria of intestinal
amage (Fig. 1b). Accordingly, to study the potential anti-apoptotic
roperties of STW 5, it was tested on rats exposed to 8 Gy. STW had a dose dependent protective effect against the histological
amage induced by this radiation level (Fig. 2a), the higher dose
f the drug preventing nearly all the previously seen histological
hanges (Fig. 2b).of  rats irradiated by 8 Gy. Results are represented as the mean of 8 rats ± s.e.m. *
and  # denote statistical signiﬁcance at p ≤ 0.05 vs normal and irradiated control rats
respectively.
Electron microscopic ﬁndings
Control rats showed normal epithelial cells with regularly
arranged columnar cells and large rounded euchromatic nuclei. The
mitochondria had a typical cylindrical shape and the cisternae of
RER had a normal structure. The arrangement of the microvilli was
regular with almost uniform diameter. Exposure to 8 Gy led to cell
apoptosis with marked degenerated nuclei and wrinkled nuclear
membrane, the villi appeared short with a disorganized brush
border. The mitochondria were swollen cristae were ruptured, lyso-
somal bodies were enlarged and the RER dilated. Pre-treatment
with STW 5 led to prevention of nearly all histological signs of
intestinal injury (Fig. 3).
Tissue markers
In accordance with the histological ﬁndings, irradiation with
8 Gy led to a marked increase in the cytosolic calcium level associ-
ated with depletion of the mitochondrial contents of cytochrome
c, Bcl-2 and complex I activity, indicating signiﬁcant apoptotic
changes and a high degree of cellular injury. Pre-treatment of rats
with STW 5 tended to prevent dose dependently all the observed
changes (Figs. 4 and 5).
Oxidative stress parameters were also affected, evidenced by
a reduction in GSH content of intestinal tissue from 61 g/g to
22 g/g, a nearly three-fold increase in level of TBARS and a rise
of NOx from 17.44 mol/g to 67.59 mol/g. Pre-treatment with
STW 5 protected in a dose dependent manner against the radiation
induced changes (Fig. 6).
In tissue homogenates, radiation exposure also led to an
increased expression of the inﬂammatory cytokine, TNF-, from
84 pg/g to 226 pg/g associated with an increase in MPO  activity,
reﬂecting neutrophilic inﬁltration, from 0.30 U/g  to 0.66 U/g. Fur-
thermore, there was  a twofold increase in the serum DAO  level,
indicating severe intestinal injury. STW 5 had a tendency to protect
against these elevations dose-dependently (Fig. 7).
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iscussion
Excessive apoptosis is one of the main etiological factors con-
ributing to intestinal injury after radiation exposure (Goo et al.,
013). Intestinal stem cells are prone to apoptosis caused by radia-
ion exposure because the intestinal epithelium is one of the fastest
roliferating tissues in the body (Matsuu-Matsuyama et al., 2006).
n the present study radiation dose levels of 4, 6 or 8 Gy led to
rogressive extents of intestinal mucositis as evidenced histologi-
ally by a gradual increase in the intensity and spectrum of relevant
arameters, such as villus height reduction and inﬂammatory cell
nﬁltration. Apoptotic bodies were clearly shown with 8 Gy irra-
iation levels. Similar ﬁndings were described by other authors
Driák et al., 2008; Hepgül et al., 2010; Wang et al., 2013) and the
ppearance of apoptotic bodies with high exposure levels was  also
reviously reported (Deng et al., 2005; Akpolat et al., 2009; Wang
t al., 2013).
Studies on apoptotic signaling cascades have shown that
itochondria play a vital role in the regulation of the apoptoticchrome c, Bcl-2 contents and complex I activity in 8 Gy irradiated rats. Results are
5 vs normal and irradiated control rats respectively.
process by directly inﬂuencing energy production, regulating the
activation of caspases, participating in intracellular calcium ion
homeostasis, and releasing reactive oxygen species (Kowaltowski
et al., 2004; Orrenius, 2004). The involvement of calcium in the
apoptotic process has been reported by Trump and Berezesky
(1995). The present ﬁndings showed that the development of
apoptosis was  indeed associated with an increase in intestinal
cytosolic calcium content. Further ﬁndings related to mitochon-
drial involvement in the apoptotic process included the reduction
in concentration of cytochrome c and Bcl-2 accompanied with
a decline in complex I activity, which were evidenced following
exposure to the highest dose of radiation (8 Gy). The decrease in the
level of anti-apoptotic Bcl-2 protein facilitates the release of apop-
togenic proteins such as cytochrome c from the mitochondria into
the cytosol, thereby initiating the apoptotic cascade (Thiagarajah
et al., 2000). In addition, inhibition of mitochondrial respiratory
chain complex I by radiation had proved that the bioenergetics
failure induced by mitochondrial dysfunction play also a role in
small intestinal injury and apoptosis (Wang et al., 2013)
M.T. Khayyal et al. / Phytomedicine 21 (2014) 1390–1399 1397
Fig. 6. Effect of pre-treatment with STW 5 on reduced glutathione (GSH), thiobarbituric acid reactive substances (TBARS) and total nitrate/nitrite (NOx) contents in the small
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bntestine of rats irradiated by 8 Gy. Results are represented as the mean of 8 rats ±
ats  respectively.
The fact that oxidative stress is also involved in the apoptotic
rocess was evidenced by an increase in the tissue levels of TBARS
nd a corresponding decrease in GSH, as well as an increase in
Ox. Similar effects have been reported by other authors (Freeman
nd MacNaughton, 2000; Prasad et al., 2005; Zhou et al., 2006).
adiation-induced mucositis has also been associated with the
elease of inﬂammatory cytokines, such as TNF- (Ong et al., 2010)
nd an increase in MPO  activity (Hepgül et al., 2010) as well as a
ise in serum DAO. The latter is highly located in small-intestinal
ucosal cells and is released into the bloodstream when the intesti-
al mucosa is damaged (Zhou et al., 2011). The rise in the three last
arameters was conﬁrmed in the present study.
Treatment with STW 5 exerted protective effects against the
adiation-induced mucositis in rats, both histologically and bio-
hemically. Most of the histopathological lesions observed after
rradiation were largely prevented in a dose-dependent manner
y pre-treatment with this preparation as evidenced both by light * and # denote statistical signiﬁcance at p ≤ 0.05 vs normal and irradiated control
and electron microscopy. The appearance of apoptotic bodies was
completely prevented by the higher dose of STW5.
The anti-apoptotic activity was associated with attenuation
of the previously observed reduction in mitochondrial levels of
cytochrome c, Bcl-2, complex I activity and cytosolic calcium con-
centration. The anti-apoptotic activities of some STW 5 constituents
have been previously reported by other workers. Silibinin, a plant
ﬂavanoid from milk thistle, was shown to protect rat cardiac
myocytes against injury through restoring the mitochondrial func-
tion and regulating the expression of Bcl-2 family members, as well
as by inhibiting the release of pro-apoptotic cytochrome c from
mitochondria (Zhou et al., 2006). Angelica polysaccharide (a major
component of Angelica archangelica) was  also shown to possess an
anti-apoptotic effect through the regulation of each of Bax, Bcl-2
and Bax/Bcl-2 ratio in liver tissue (Ma et al., 2009). It would there-
fore be reasonable to assume that these two constituents, perhaps
together with other yet unidentiﬁed components in STW 5, could
1398 M.T. Khayyal et al. / Phytomedicine 21 (2014) 1390–1399
Fig. 7. Effect of pre-treatment with STW 5 on myeloperoxidase (MPO) activity, TNF- content in the small intestine and diamine oxidase (DAO) serum level of 8 Gy irradiated
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ct synergistically with one another to exert the observed beneﬁcial
nti-apoptotic effects.
STW 5 was also shown in the present work to affect other param-
ters that may  have contributed to the development of apoptosis,
ue to its antioxidant and anti-inﬂammatory properties. The potent
ntioxidant activity of STW5 was reported in several experimen-
al models (Germann et al., 2006; Wadie et al., 2012) and was
videnced here by attenuation of the depletion in GSH content and
eduction of the elevated TBARS and nitrite levels in intestinal tis-
ue. The anti-inﬂammatory properties of STW 5 have been reported
n several in vitro (Schempp et al., 2006; Michael et al., 2009) and
n vivo models (Abdel-Aziz et al., 2010; Wadie et al., 2012). Various
ndices in the present ﬁndings point to the fact that certain parame-
ers of inﬂammation may  also have contributed to the preservation
f the mucosal integrity of the small intestine and protected against
poptosis. STW5 prevented the rise of MPO  activity and TNF- in
ntestinal tissue induced by irradiation as well as the elevation ofﬁcance at p ≤ 0.05 vs normal and irradiated control rats respectively.
serum level of DAO. The antioxidant and anti-inﬂammatory effects
of STW5 have been attributed, at least in part, to the ﬂavonoid
and phenolic carboxylic acid content of its different constituents
(Wegener and Wagner 2006).
The present ﬁndings show that STW 5 protects to a large extent
against the mucosal changes induced by radiation on the intesti-
nal tract and to counteract dose-dependently the derangement in
nearly all the associated relevant parameters. Apoptosis, which was
evidenced histologically with the highest radiation exposure level,
was also counteracted by the preparation, albeit by higher doses
in the present experimental setting. Smaller doses given over a
longer time before and after irradiation may  prove just as effec-
tive. This is currently still under investigation. The anti-apoptotic
effects of STW 5 and its general protective effects against intestinal
radiation damage could pave the way to discovering new meas-
ures for avoiding the occurrence of mucositis following radiation
exposure.
medic
C
G
ﬂ
A
A
M
i
R
A
A
B
B
D
D
F
G
G
H
H
J
K
K
K
L
MM.T. Khayyal et al. / Phyto
onﬂict of interest
H. Abdel-Aziz is employed by Steigerwald Arzneimittelwerk
mbH in Darmstadt, Germany. The other authors declare no con-
icts of interest.
cknowledgement
The authors gratefully acknowledge the help of Dr. Kawkab
bdel-Aziz Ahmed, Professor of Pathology, Faculty of Veterinary
edicine, Cairo University, for carrying out the histological exam-
nations.
eferences
bdel-Aziz, H., Zaki, H.F., Neuhuber, W.,  Kelber, O., Weiser, D., Khayyal, M.T., 2010.
Effect of an herbal preparation, STW 5, in an acute model of reﬂux oesophagitis
in  rats. J. Pharmacol. Sci. 113 (2), 134–142.
kpolat, M., Kanter, M.,  Uzal, M.C., 2009. Protective effects of curcumin against
gamma  radiation-induced ileal mucosal damage. Arch. Toxicol. 83 (6), 609–617.
eutler, E., Duron, O., Kelly, B.M., 1963. Improved method for the determination of
blood glutathione. J. Lab. Clin. Med. 61, 882–888.
radley, P.P., Christensen, R.D., Rothstein, G., 1982. Cellular and extracellular
myeloperoxidase in pyogenic inﬂammation. Blood 60 (3), 618–622.
eng, W.,  Viar, M.J., Johnson, L.R., 2005. Polyamine depletion inhibits irradiation-
induced apoptosis in intestinal epithelia. Am.  J. Physiol. Gastrointest. Liver
Physiol. 289 (3), 599–606.
riák, D., Osterreicher, J., Vávrová, J., Reháková, Z., Vilasová, Z., 2008. Morphological
changes of rat jejunum after whole body gamma-irradiation and their impact in
biodosimetry. Physiol. Res. 57 (3), 475–479.
reeman, S.L., MacNaughton, W.K., 2000. Ionizing radiation induces iNOS-mediated
epithelial dysfunction in the absence of an inﬂammatory response. Am.  J. Physiol.
Gastrointest. Liver Physiol. 278 (2), 243–250.
ermann, I., Hagelauer, D., Kelber, O., Vinson, B., Laufer, S., Weiser, D., Heinle,
H.,  2006. Antioxidative properties of the gastrointestinal phytopharmaceutical
remedy STW 5 (Iberogast). Phytomedicine 13 (5), 45–50.
oo, M.J., Park, J.K., Hong, I.H., Kim, A.Y., Lee, E.M., Lee, E.J., Hwang, M.,  Jeong,
K.S.,  2013. Increased susceptibility of radiation-induced intestinal apoptosis in
SMP30 KO mice. Int. J. Mol. Sci. 14 (6), 11084–11095.
epgül, G., Tanrikulu, S., Unalp, H.R., Akguner, T., Erbil, Y., Olgac¸ , V., Ademog˘lu, E.,
2010. Preventive effect of pentoxifylline on acute radiation damage via antiox-
idant and anti-inﬂammatory pathways. Dig. Dis. Sci. 55 (3), 617–625.
owarth, G.S., Francis, G.L., Cool, J.C., Xu, X., Byard, R.W., Read, L.C., 1996. Milk growth
factors enriched from cheese whey ameliorate intestinal damage by methotrex-
ate  when administered orally to rats. J. Nutr. 126 (10), 2519–2530.
agetia, G.C., 2007. Radioprotective potential of plants and herbs against the effects
of  ionizing radiation. J. Clin. Biochem. Nutr. 40 (2), 74–81.
hayyal, M.T., Seif-El-Nasr, M.,  El-Ghazaly, M.A., Okpanyi, S.N., Kelber, O., Weiser, D.,
2006. Mechanisms involved in the gastro-protective effect of STW 5 (Iberogast)
and its components against ulcers and rebound acidity. Phytomedicine 13 (5),
56–66.
hayyal, M.T., El-Ghazaly, M.A., Kenawy, S.A., Seif-El-Nasr, M.,  Mahran, L.G., Kafaﬁ,
Y.A., Okpanyi, S.N., 2001. Antiulcerogenic effect of some gastrointestinally act-
ing  plant extracts and their combination. Arzneimittelforsch/Drug Res. 51 (7),
545–553.
owaltowski, A.J., Fenton, R.G., Fiskum, G., 2004. Bcl-2 family proteins regulate mito-
chondrial reactive oxygen production and protect against oxidative stress. Free
Radic. Biol. Med. 37 (11), 1845–1853.
inard, C., Ropenga, A., Vozenin-Brotons, M.C., Chapel, A., Mathe, D., 2003. Abdom-
inal irradiation increases inﬂammatory cytokine expression and activates
NF-kappaB in rat ileal muscularis layer. Am. J. Physiol. Gastrointest. Liver Physiol.
285 (3), 556–565.
a,  H., Lin, H., Feng, H., Putheti, R., 2009. Effects of angelica polysaccharide on hepa-
tocytes apoptosis induced by exhaustive exercise. Afr. J. Microbiol. Res. 3 (11),
774–777.ine 21 (2014) 1390–1399 1399
MacNaughton, W.K., 2000. Review article: new insights into the pathogenesis
of  radiation-induced intestinal dysfunction. Aliment. Pharmacol. Ther. 14 (5),
523–528.
Madisch, A., Holtmann, G., Plein, K., Hotz, J., 2004. Treatment of irritable bowel
syndrome with herbal preparations: results of a double-blind, randomized,
placebo-controlled, multi-centre trial. Aliment. Pharmacol. Ther. 19, 271–279.
Matsuu-Matsuyama, M.,  Shichijo, K., Okaichi, K., Ishii, K., Wen, C.Y., Fukuda, E.,
Nakayama, T., Nakashima, M.,  Okumura, Y., Sekine, I., 2006. Sucralfate protects
intestinal epithelial cells from radiation-induced apoptosis in rats. J. Radiat. Res.
47  (1), 1–8.
Michael, S., Kelber, O., Hauschildt, S., Spanel-Borowski, K., Nieber, K., 2009. Inhi-
bition of inﬂammation-induced alterations in rat small intestine by the herbal
preparations STW 5 and STW 6. Phytomedicine 16 (2-3), 161–171.
Mihara, M., Uchiyama, M.,  1978. Determination of malonaldehyde precursor in tis-
sues by thiobarbituric acid test. Anal. Biochem. 86 (1), 271–278.
Miranda, K.M., Espey, M.G., Wink, D.A., 2001. A rapid, simple spectrophotometric
method for simultaneous detection of nitrate and nitrite. Nitric Oxide 5 (1),
62–71.
Okpanyi, S.N., Mark, M.,  Wahl, M.A., 1993. Gastrointestinal motility modulation with
Iberogast® . Acta Hortic. 3332, 227–2235.
Ong, Z.Y., Gibson, R.J., Bowen, J.M., Stringer, A.M., Darby, J.M., Logan, R.M., Yeoh,
A.S.,  Keefe, D.M., 2010. Pro-inﬂammatory cytokines play a key role in the devel-
opment of radiotherapy-induced gastrointestinal mucositis. Radiat. Oncol. 5,
22–29.
Orrenius, S., 2004. Mitochondrial regulation of apoptotic cell death. Toxicol. Lett.
149 (1–3), 19–23.
Prasad, N.R., Menon, V.P., Vasudev, V., Pugalendi, K.V., 2005. Radio-protective effect
of  seasamol on gamma-radiation induced DNA damage, lipid peroxidation and
antioxidants level in cultured human lymphocytes. Toxicology 209 (3), 225–235.
Reynold, E.S., 1963. The use of lead citrate at high pH as an electron-opaque stain in
electron microscopy. J. Cell Biol. 17, 208–212.
Schempp, H., Weiser, D., Kelber, O., Elstner, E.F., 2006. Radical scavenging and
anti-inﬂammatory properties of STW 5 (Iberogast) and its components. Phy-
tomedicine 13 (5), 36–44.
Thiagarajah, J.R., Gourmelon, P., Grifﬁths, N.M., Lebrun, F., Naftalin, R.J., Pedley, K.C.,
2000. Radiation induced cytochrome c release causes loss of rat colonic ﬂuid
absorption by damage to crypts and pericryptal myoﬁbroblasts. Gut  47 (5),
675–684.
Trump, B.F., Berezesky, I.K., 1995. Calcium-mediated cell injury and cell death. FASEB
J.  9 (2), 219–228.
Turpeenoja, L., Villa, R., Magri, G., Giuffrida Stella, A.M., 1988. Changes of mitochon-
drial membrane proteins in rat cerebellum during aging. Neurochem. Res. 13
(9), 859–865.
Wadie, W.,  Abdel-Aziz, H., Zaki, H.F., Kelber, O., Weiser, D., Khayyal, M.T., 2012. STW
5  is effective in dextran sulfate sodium-induced colitis in rats. Int. J. Colorectal
Dis. 27 (11), 1445–1453.
Wang, Y.J., Liu, W.,  Chen, C., Yan, L.M., Song, J., Guo, K.Y., Wang, G., Wu,  Q.H., Gu, W.W.,
2013. Irradiation induced injury reduces energy metabolism in small intestine
of  Tibet minipigs. PLoS ONE 8 (3), e58970.
Wegener, T., Wagner, H., 2006. The active components and the pharmacological
multi-target principle of STW 5 (Iberogast). Phytomedicine 13 (5), 20–35.
Whitﬁeld, C.D., Bostedor, R., Goodrum, D., Haak, M., Chu, E.H., 1981. Hamster cell
mutants unable to grow on galactose and exhibiting an overlapping comple-
mentation pattern are defective in the electron transport chain. J. Biol. Chem.
256 (13), 6651–6656.
Wong, P.C., Dodd, M.J., Miaskowski, C., Paul, S.M., Bank, K.A., Shiba, G.H., Facione, N.,
2006. Mucositis pain induced by radiation therapy: prevalence, severity and use
of  self-care behaviors. J. Pain Symptom Manage. 32 (1), 27–37.
Yeoh, E., Horowitz, M.,  Russo, A., Muecke, T., Robb, T., Maddox, A., Chatterton, B.,
1993. Effect of pelvic irradiation on gastrointestinal function: a prospective
longitudinal study. Am.  J. Med. 95 (4), 397–406.
Zhou, B., Wu,  L.J., Li, L.H., Tashiro, S., Onodera, S., Uchiumi, F., Ikejima, T., 2006. Silib-
inin protects against isoproterenol-induced rat cardiac myocyte injury through
mitochondrial pathway after up-regulation of SIRT1. J. Pharmacol. Sci. 102 (4),
387–395.
Zhou, Q.Q., Yang, D.Z., Luo, Y.J., Li, S.Z., Liu, F.Y., Wang, G.S., 2011. Over-starvation
aggravates intestinal injury and promotes bacterial and endotoxin transloca-
tion under high-altitude hypoxic environment. World J. Gastroenterol. 17 (12),
1584–1593.
